Evidence is mounting on the association between the built environment and physical activity with a call for intervention research. A broader approach which recognizes the role of supportive environments that can make healthy choices easier is required. A systematic review was undertaken to assess the effectiveness of interventions to encourage physical activity in urban green space. Five databases were searched independently by two reviewers using search terms relating to 'physical activity', 'urban green space' and 'intervention' in July 2014. Eligibility criteria included: (i) intervention to encourage physical activity in urban green space which involved either a physical change to the urban green space or a physical activity intervention to promote use of urban green space or a combination of both; and (ii) primary outcome of physical activity. Of the 2405 studies identified, 12 were included. There was some evidence (4/9 studies showed positive effect) to support built environment only interventions for encouraging use and increasing physical activity in urban green space.
Introduction
Prevalence of physical inactivity and its associated health conditions are rising, and the inexorable slide to a more inactive lifestyle has worrying implications for future levels of obesity, morbidity and mortality (Lee et al, 2012) . A broader approach which recognizes the role of supportive environments that can make healthy choices easier is required. However, physical activity (PA) is a complex behavior that is often discouraged in modern built and social environments (Khan et al, 2011) . Considerable evidence is mounting on the association between PA and the built environment in which an individual lives (O Ferdinand et al, 2012) .
Accordingly, the potential of the built environment as a determinant of PA, and its ability to influence community and population levels of PA is becoming more widely recognized (DoH, 2007; WHO, 2010) .
In particular, urban green space (UGS) has an important contribution to make to public health with potential physical, psychological, social, economic and environmental benefits (Bedimo-Rung, 2005; Bowler et al, 2010; Lee and Maheswaran, 2010; Lachowycz and Jones, 2011) .
UGS is defined as all publicly owned and publicly accessible open space with a high degree of cover by vegetation, e.g., parks, woodlands, nature areas, and other green space within the city boundary area (Schipperijn et al, 2013) . Cross-sectional evidence highlights the association between UGS and PA. The availability and accessibility of UGS, particularly across the socio-economic spectrum, offers the opportunity for recreation and active travel for little or no cost to the individual. Physical activity has been shown to have positive associations with proximity, access, size and quality of UGS (Giles-Corti et al, 2005; Mowen et al, 2007; Kaczynski et al, 2011) . Attributes of UGS that might stimulate and encourage PA include walking/cycling paths, wooded areas, open spaces, water features, lighting, pleasant views, bike racks, parking lots, and playgrounds (Schipperijn et al, 2013) . However, to date much of the research in this area has been observational and shows that many UGS are underutilized (Floyd et al, 2008; Cohen et al, 2010; Floyd et al, 2011; Kaczynski et al, 2011) .
Interventions specifically targeting use of UGS may assist with increasing PA behavior change at the community and population level. Urban Green Spaces receive significant investment for modifications and programming, particularly from local authorities. Examples include improving access to UGS, improving walking/cycle paths, and playground/park facilities in UGS. Interventions to specifically promote and encourage use of UGS or specific features of UGS include awareness, marketing and promotional campaigns, and PA programs in UGS. There is a need to identify if such investments are effective in increasing use of UGS and PA of UGS users, and subsequently determine how to make best use of UGS for public health. As with other aspects of built environment research, there has been a call for evidence of the effectiveness of environmental interventions to initiate and help maintain PA behavior change. Therefore, the aim of this study was to undertake a systematic review to assess the effectiveness of interventions to promote PA in UGS, including the development of new UGS.
Methods

Search Strategy
Five electronic databases (Medline, EMBASE, CINAHL, Sport DISCUS and PubMed) were searched for articles published up to July 2014, and reference lists of included studies were hand searched for further relevant papers. Keywords relating to 'physical activity', 'urban green space' and 'intervention' were searched (see Appendix I).
Eligibility Criteria
Studies were included if they met the following criteria: (i) intervention to promote/encourage PA in UGS (ii) an intervention to specifically promote/encourage use of UGS or specific features of UGS (e.g., awareness campaigns, PA programs in UGS).
(iii) a combination of physical change to the built environment and a specific awareness/promotion program to encourage PA in UGS.
Evidence Synthesis
Studies were categorized according to the main approach of the intervention: 1) built environment only intervention; 2) PA promotion only intervention; 3) combination of built environment change and PA promotion intervention. Key characteristics and outcomes of the studies were extracted and tabulated including study design, country, target population, description of intervention and control/comparator group, outcome measures, duration of follow-up and summary of study findings. The review followed the PRISMA guidelines (Moher et al, 2009 ) and risk of bias was assessed using the Cochrane Risk of Bias tool (Higgins et al, 2011) , performed independently by two reviewers. While intended for controlled trials, the majority of items are applicable to other study designs and allocate lower scores to studies employing study designs which introduce bias.
Results
Appendix II shows the results of the literature search. Briefly, 2405 studies were initially identified, 64 full-text articles screened, and 12 studies included in the review. Table 1 presents a summary of the included studies. Eleven of the studies were natural experiments with the majority using a quasi-experiment, controlled pre-post design (n=8), and one difference-in-difference design (Branas et al, 2011) . Only one study employed a RCT design (Cohen et al, 2013) . Studies were mainly implemented in the US (n=9), particularly in California (n=6), and the other studies took place in Australia (n=3). A number of studies were set in areas where the majority of the population were of low Socio-Economic Position (SEP) and of ethnic minority groups (Cohen et al, 2009a; Tester and Baker, 2009; Fitzhugh et al, 2010; Cohen et al, 2012; Veitch et al, 2012; Bohn-Goldhaum et al, 2013; Cohen et al, 2014) , which are typical of inner-city areas. Given the heterogeneity in target populations, interventions and outcome measures it was not appropriate to pool results in a meta-analysis.
Study Characteristics
Appendix III presents the results of the risk of bias assessment described by study. Only one study had a low risk of bias (Cohen et al, 2013) , which employed an RCT design, with five studies assessed as having a high risk of bias (Merom et al, 2003; Cohen et al, 2009a; 2009b; West and Shores, 2011; Bohn-Goldhaum et al, 2013) and six with an unclear risk of bias (Tester and Baker, 2009; Fitzhugh et al, 2010; Branas et al, 2011; Cohen et al, 2012; Veitch et al, 2012; Cohen et al, 2014) . The bias-related concerns were allocation sequence (which generally was not possible due to trial design), allocation concealment and blinding of the participants/outcome assessors. None of the studies reported accounting for missing data and risk of contamination was difficult to assess due to the nature of the control group (no study formally measured this). Table 1 presents a summary of the key characteristics and results of the studies categorized according to the type of intervention.
Evidence Synthesis
1) Built Environment Only Interventions
Nine studies investigated the influence of an UGS intervention that involved physical changes to the built environment only. Four studies (three of which were in the USA) showed a positive outcome with increases in PA and park usage (Cohen et al, 2009b; Fitzhugh et al, 2010; Branas et al, 2011; Veitch et al, 2012) . Cohen et al (2009b) investigated the impact of two parks that underwent renovations to a skate park and senior center. Results showed a significant increase in skate park use but substantially fewer users of the senior center. There was also a significant increase in the perception of safety in the renovated parks (p<0.001).
An Australian study by Veitch and colleagues (2012) showed significant increases in the number of park users and number of people walking and being vigorously active after major park improvements (i.e., fenced leash-free area for dogs, playground, walking track, BBQ area, landscaping, fencing). In another study that included youths, an urban greenway trail (Fitzhugh et al, 2010) , designed to enhance connectivity of pedestrian infrastructure with nearby retail establishments and schools, showed significant changes between the experimental and control neighborhoods for total PA (p=0.001); walking (p=0.001) and
cycling (p=0.038). However, there was no significant change over time for active transportation to school. Finally, a decade long study using a difference-in-difference design by Branas et al (2011) showed that greening of vacant urban lots resulted in reductions in gun assaults (p<0.001), vandalism (p<0.001), and residents reporting less stress and more exercise (p<0.01). Greening of vacant lots (> 725,000m 2 ) from 1999 to 2008 involved removing trash and debris, grading the land, planting grass and trees, installing low wooden fences around perimeter, and maintenance activities performed multiple times/year.
Five studies (three of which were by the same first author) showed no significant impact on PA and park usage for PA interventions involving change to the built environment only (Cohen et al, 2009a; West and Shores, 2011; Cohen et al, 2012; Bohn-Goldhaum et al, 2013; Cohen et al, 2014) . Cohen et al (2009a) showed that park use and PA declined in parks that underwent major improvements including new/improved gyms, picnic areas, walking paths, playgrounds, watering and landscaping. However, during the study period the Department of Recreation and Parks suffered budget cuts that led to reduced programming and the authors suggested that 39% of the decline was directly attributable to fewer scheduled organized activities. Another Californian study by Cohen et al (2012) found that park usage increased by 11% compared to control parks (not statistically significant) following the installation of Family Fitness zones (i.e., outdoor gyms) in 12 parks. More recently, Cohen and colleagues (2014) investigated the impact of the creation of three pocket parks from vacant lots on the number of park users and PA. This involved installation of playground equipment and benches, development of walking paths, and all areas were fenced and enclosed by lockable gates. Typically, pockets parks serve the immediate population within 0.25-0.5 miles of the park, have limited facilities, have few or no programs, lack indoor facilities, and are not staffed. Results showed that pocket parks were used as frequently or more often than playground areas in neighborhood parks (control areas); however, they were vacant during the majority of observations. The authors concluded that pocket parks may act as catalysts for PA and encourage local residents to be physically active by being a valued community destination. However, additional strategies and programs may be needed to encourage more residents to use these parks. A study by West and Shores (2011) found no significant effect for PA for five miles of greenway developed and added to existing greenway along a river.
Finally, an Australian study targeting 2-12 year old children found no significant effects for park usage and children's PA compared to the control group following major park renovations involving development of three children's playgrounds within a larger park complex (Bohn-Goldhaum et al, 2013) .
2) Physical Activity Promotion Only Interventions
Only one study investigated the impact of a PA promotion only intervention to encourage use and PA in UGS using a RCT design (Cohen et al, 2013) . Fifty-one parks were randomly allocated to one of three groups: 1) Park Directors ( observations (McKenzie et al, 2006) to inform decisions regarding development of park programs to increase park use and PA. Each park received $4,000 to spend on park programs which included signage (e.g., banners, walking path signs), promotional incentives (e.g., water bottles, park-branded key chains, individually targeted emails), and outreach activities (e.g., hiring additional instructors, buying activity materials). Results showed a significant increase in PA and number of park users for both intervention arms, generating an estimated average of 600 more visits/week/park, and 1830 more MET-hours of PA/week/park. The primary mediator of change was investment in signage which explained 37% of change in park users and 39% increase in MET-hours.
3) Combination of Built Environment Change and PA Promotion Intervention
Two ads, maps of trails, newspapers and local radio, brochures distributed to local organizations and schools, and a launch event. Results showed that trail usage was higher among bikeowners than pedestrians (8.9% vs 2.2%, p=0.014) and was moderated by proximity to the trail. Intervention group cyclists increased mean cycling time by 0.19hr (SD 1.5) per week while control area cyclists decreased cycling time (-0.24hr; SD 1.6). Overall mean bike counts on the trail increased significantly after the trail launch (p=0.0004). The study found that remoteness (in distance and time) was a key reason for not using the trail. In another study, by Tester and Baker (2009), significant renovations to playfields (mainly used for soccer and baseball) of two public parks as well as PA programming, and training and skills development for park and recreation program staff were evaluated. Results showed that park playfield renovations, with and without family and youth involvement initiatives, significantly increased visitation and overall PA (4-9 fold increase) compared to the control.
Discussion
In summary, there was some evidence to support the use of built environment only interventions for encouraging use and increasing PA in UGS. However, more promising evidence existed for the use of PA programs combined with a physical change to the built environment. These findings highlight that multifaceted UGS intervention strategies are likely to have a more significant impact on levels of PA than changes to the built environment in isolation. However, these results should be interpreted with caution given the relative dearth of intervention-based research in this area and further work is urgently required (Harris et al, 2013) .
Undertaking UGS research requires multi-component studies which incur considerable costs.
In addition, the undervaluation of the PA benefits derived from UGS may also explain the relative lack of societal investment in research on UGS. Significant UGS investment is made worldwide, particularly by local authorities (Brown and Cummins, 2013) . Thus, more effective strategies for using this valuable resource to enhance opportunities for PA and improve public health are required. Based on this review we have highlighted methodological considerations to help inform the design, implementation and evaluation of future PA interventions in UGS. The implementation of specific recommendations is contingent on the research question.
Methodological Considerations and Recommendations for Future Research
1) Sample Size
Only one study reviewed mentioned details of a sample size calculation to inform their study population (Cohen et al, 2013 ) with most of the included studies employing a small sample size for research of this nature. Future studies must perform a fully justified sample size calculation to improve the rigor of this body of research, and where appropriate, account for clustering.
2) Outcome Measures
Eight studies used SOPARC for capturing the number of park users, characteristics of park users and their PA levels (Cohen et al, 2009a; 2009b; Tester and Baker, 2009; Cohen et al, 2012; Veitch et al, 2012; Bohn-Goldhaum et al, 2013; Cohen et al, 2013; 2014 to provide a more in-depth investigation (Cohen et al, 2009a; 2009b; 2012; Bohn-Goldhaum et al, 2013; Cohen et al, 2013; 2014 measures such as sense of community, social support and social capital. This requires the use of multi-level conceptual models and statistical methods, and the triangulation of data, both quantitative and qualitative, from multiple sources. Further, it is important that studies report the area of UGS (e.g. km 2 ) involved in order to outline the context of the intervention.
3) Follow up
The timing of follow-up assessments ranged from immediately post-intervention (Veitch et al, 2012) up to 14 months post-intervention (Cohen et al, 2009b; Fitzhugh et al, 2010) .
Further, only one study included more than one measured endpoint which included follow-up assessments immediately post-intervention and a further follow-up 12 months post-baseline (Veitch et al, 2012) . Results showed an increase in usage and PA at the first follow-up, which continued to increase at the second follow-up therefore illustrating the need for longerterm follow-up.
It is also unclear what duration of intervention exposure is required to ensure "normal usage" as opposed to capturing the "novelty factor" effect. Given the relative "permanent-ness 
4) Control Groups
Control groups typically involved matched control parks which did not undergo any UGS intervention. Parks were matched on the following criteria: parks of similar size, features, amenities and served a similar population that did not undergo any improvements (Cohen et al, 2009a; 2009b; Tester and Baker, 2009; Bohn-Goldhaum et al, 2013) . However, for some studies, the control park (10,000m 2 ) was only half the size of the intervention park (size 25,200m 2 ), which has obvious implications when measuring number of users (Veitch et al,
There is difficulty in identifying adequate control parks of similar sizes, similar features and which serve a similar population (based on socio-economic factors) yet are geographically far enough apart to limit contamination. This is an inherent limitation in that most parks are unique, being, in part, the product of the limited availability of land parcels that are allocated as park space, and the need to "squeeze" park space into what remains after real estate development. Further, other studies employed a control group based on distance from the UGS intervention (1.5-2km (Merom et al, 2003) ; 0.5-1 mile (West and Shores, 2011)).
However, it is unknown what an appropriate distance from the UGS intervention would act as a "true" control, given that a distance decay pattern has been identified (Krizek et al, 2007) .
However, it is imperative that an adequate control condition is included in order to ensure robust evaluations (Craig et al, 2012) .
5) Target Population
A number of studies targeted low SEP groups and ethnic minority groups which are typical of inner-city areas. Also, most studies were based in the US, particularly in California which has an average of 47 weeks per year with no precipitation. Therefore, further studies are urgently required in other parts of the world, with differing climates, particularly in low-middle income countries. There was also a paucity of evidence related to the influence of PA interventions and UGS on children, adolescents and older adults. A unique aspect of UGS is that it is a resource for people of all ages and backgrounds; therefore, future research should target all groups.
A number of studies highlighted the importance of community participation (Cohen et al, 2009a ) and partnerships with local organizations and government (Veitch et al, 2012) . It is important that such participation is involved from the outset of the intervention and throughout the period of intervention and follow up to ensure sustainability of the intervention and maintenance of PA behavior change.
6) Cost-effectiveness Analyses
Built environment interventions, in particular those that undertake a physical change to the built environment are expensive and present significant investment, mainly by local authorities. Studies investigated interventions that ranged from $45,000 per park (Cohen et al, 2012) to $3.5 million per park (Cohen et al, 2009b) , with some undertaking preliminary costeffectiveness analyses and finding that UGS interventions are cost-effective (Cohen et al, 2012; 2014) . However, future research should also consider the wider economic impact of such interventions, including health and societal costs, for example, healthcare costs, reductions in carbon emissions, improvements in safety, and reduced crime.
7) Social Environment
Finally, none of the included studies measured any features of the social environment or utilized aspects of the social environment in the intervention. It is likely that the social environment (e.g., social support, social capital (Broyles et al, 2011) ) plays an important role in the initiation and maintenance of PA behavior change in UGS, particularly as most UGS is based within a community setting. Indeed, social support has been identified as an important correlate for PA behavior change (Bauman et al, 2012) . Previous cross-sectional research suggests that the social environment may act as a possible mechanism through which UGS 
Unanswered Questions
In addition to detailing a number of methodological considerations, this review has also highlighted gaps in the literature. The following unanswered questions will help focus future research: 
Conclusion
Physical inactivity is a major public health concern, with implications for our health, society and economy. The public health dividend of increasing PA in the population is substantial.
UGS has the potential to contribute significantly to public health as a setting that encourages participation in PA. Physical activity behavior change at the community and population level might be increased by interventions specifically targeting use of UGS (Cohen et al, 2007) . 
Results
Outcome Measures
